In this study on the fine structure of the experimental brain edema, many unusual axons were observed in both the grey and white matter of the cat's edematous brain.
Although many who had investigated brain edema reported fine structural alterations of the edematous brain tissue, none of them noted such unusual axons as shall be described below. In the present study an attempt was made to clarify when unusual axons begin to appear and how they transform and disappear through the process of edema.
The report will describe the fine structure of the unusual axons which appear at various stages of the experimental brain edema and discuss the morphological significance of these unusual axons.
Material and Methods
Fifty-five healthy adult cats weighing 2.0 to 4.5kg were used for this study. Forty-one animals underwent the following operative procedures in order to produce the brain edema: According to the supratentorial epidural compression method of ISHII, HAYNER, KELLY and EVANS (1959) , a balloon was inserted into the left frontal epidural space under intraperitoneal Nembutal anesthesia. A catheter was connected with the balloon and led to the outside through the burr hole and scalp. On the following day the balloon was very slowly inflated by injecting 1.4 to 2.3ml of physiological saline solution through the catheter. The maximum inflation tolerable by the cat was then indicated by the onsets of right hemiparesis, anisocoria and the inactive body movement induced.
Fifteen of these experimental animals were epidurally compressed by leaving the inflated balloon in situ for various periods of time, from 2 to 48 hours, and then the material for electron microscopy was taken from both the grey and white matter under the Nembutal anesthesia.
After twenty-six of the animals were epidurally compressed for 48 hours, the balloon was deflated or removed. These cats were then kept alive for from six hours to six months, from which brain tissues were taken by the same method as stated above.
Tissue blocks were consistently removed from the left coronal gyrus and its adja-cent areas corresponding to the "somatic I" area of WOOLSEY (1947) (1961) . After being fixed in the same solution for two hours these specimens were dehydrated in a series of graded ethanol and embedded in Epon epoxy resin (LUFT 1961) .
Thin sections cut on the Porter-Blum ultramicrotome were stained with lead hydroxide (MILLONIG 1961) and examined under the Hitachi HS-7S or HS-7 electron microscope.
After removing the material for electron microscopy, the entire brain was removed and fixed in 10% formalin for light microscopy. Frozen or paraffin-embedded sections were obtained from the coronal plane a little caudal to the region from where the material for electron microscopy was taken. Frozen sections were stained with Sudan III or with silver-impregnation technique (NAUTA 1957) This type of axons was rarely found even in the animals with 48 hour compression but was found in high incidence in those which survived for from six hours to a month after the decompression.
Type IV (Fig. 8, 9 ): In this type of axons the region in which the axoplasm is usually located was sometimes occupied with a little amount of dense and amorphous material as in type III, though some other times it was seen to be empty. Myelin sheath of these unusual axons showed irregular lamellar exfoliation or destruction. (ANDRES 1961 , BLUMCKE, NIEDORF and RODE 1966 , ESTABLE, ACOSTA-FERREIRA and SOTELO 1957 , HARTMANN 1948 and 1954 , PANNESE 1963 , SCHLOTE 1964 , SMITH 1961 , TANI 1964 , VIAL 1958 , WEBSTER 1962 , WECHSLER and HAGER 1962 and WETTSTEIN and SOTELO 1963 On the other hand, some others who studied Wallerian degeneration (BARTON 1962 , HONJIN, NAKAMURA and IMURA 1959 , NATHANIEL and PEACE 1963 , OHMI 1961 and THOMAS and SHELDON 1964 were demonstrated in the lumbar sympathetic ganglion of an X-ray irradiated frog (PICK 1965) , in the connective served between ganglia of the insect abdominal cord (MELAMED and TRUJILLO-CENOZ 1963) and in the experimental puncture wound of rabbit brains (LUSE et al. 1960) . Also in the corpus callosum of rats treated with cyanide (HIRANO, LEVINE and ZIMMERMAN 1967) and in the white matter of rat on whose surface a cake of dry ice was applied or on which a ouabain solution was immersed (OKADA and TANAKA 1966) , these unusual axons were known to appear.
Therefore it is suggested that the unusual axons do occur also in the nervous tissue without any relation to operative procedures such as crushing, neurotomy
etc., as is demonstrated in the present study in which the balloon is used.
LAMPERT, BLUMBERG and PENTSCHEW (1964) and LAMPERT and PENTSCHEW (1964) found out multivesicular body and tubular structures in vitamin-E deficient rats and KERR et al. (1966) reported the proliferation of myelin in the trigeminal ganglion of a patient with trigeminal neuralgia. These specific structures, however, were not observed in the present study. As also shown in the present study, the unusual axons at the late stage of edema exhibited the complex folding and destruction of myelin on which many had reported (BARTON 1962 , BUNGE, BUNGE and RIS 1960 , and HONJIN et al. 1959 . The appearance of Schwann cells or phagocytes which contained fragmented myelin or osmiophilic material in the peripheral nervous tissue (ANDRES 1963 , D'AGOSTINO 1964 was demonstrated, while in the central nervous tissue, specimens at the late stage frequently exhibited the occurrence of macrophages or reactive astrocytes which contained myelin debris, increased specific fine granules, gliofilaments (BUNGS et al. 1960 , SHIRAISHI 1966 , well-developed endoplasmic reticulum and ribosomes.
It is, therefore, assumed that the axons of type I and II may transform to type IV and V by way of type III and that the destruted myelin may be phagocytosed by macrophages or reactive astrocytes.
It was not demonstrated submicroscopically, however, from what type of axon type VI and VII were derived. Type VIII may transform to type V. In order to clarify the origin and the transformation of these types of axons, further study should be required.
In macroscopical or fluorescent microscopical study some reported the increased permeation of trypan blue (OKADA 1965) , sodium fluorescein (HATANAKA 1963) and fluorescein labelled serum protein (KLATZO, MIQUEL and OTENASEK 1962) from the blood vessels to the brain tissue at the experimentally affected areas of the brain, which, they explained, could be attributed to the destruction of the blood-brain barrier.
In the present study, sclerosis or the shrinkage of neurons was observed expanded in light microscopic sections and fat granules frequently appeared in the adventitial cells in Sudan III preparations. Considering that LAMPERT et al. (1964) called the unusual axon which characteristically contained abundant mitochondria and dense bodies in the axoplasm as "dystrophic axon", it is apparently conceivable that these light microscopic findings may indicate the metabolic disturbance of the neuron and the abnormality of lipid metabolism in the experimental brain tissues.
In Nauta preparations a number of nerve fibers revealed a drop-like disintegration. Thus the unusual axons seem to be closely related to the degenerating or degenerated nerve fibers which may be the result of the metabolic abnormality of neurons and glial cells.
The past histochemical examinations of the pathological processes of nerve fibers revealed the increased activity of acid phosphatase at the proximal and distal stumps of the sectioned peripheral nerve as was reported by Barron and TUNCDAY (1962 ), HEINZEN (1949 ) and SAMORAJSKI (1957 . And as to the different oxidative enzymes such as DPN-and TPN diaphorases, succinic dehydrogenase, cytochrome oxidase and ATPase, their heightened activities in the spinal cord and peripheral nerve were described at the early stage (FRIEDE 1959 , KREUTZBERG and WECHSLER 1963 and KUMAMOTO 1965 and at the later stage (YOUNG 1966) after the experimental transection.
As submicroscopically demonstrated in the present study, judging from the appearance of the unusual axons and the macrophages or reactive astrocytes, it is reasonable to assume that their appearance may cause the heightened activities of the different oxidative and lytic enzymes in the affected axons and their embracing macrophages. In the histochemical study on the local brain injury of rats, however, MOSSAKOWSKI (1963) observed that the astroglia reacted with a remarkable increase of the succinic dehydrogenase activity after the initial decrease or disappearance of the activity, and BACHELARD and SILVA (1966) recently attempted to determine the activity of Na, K-activated Mg dependent ATPase in the fraction of the homogenate from the proximal and distal stumps of a cat's sciatic nerve after the experimental neurotomy, and observed that the decrease or marked loss of the activity appeared two to eight days after the neurotomy and that the activity showed a remarkable increase 16 to 32 days later. They described that the decrease or marked loss of activity might be masked by the proliferation of macrophage that had a heightened activity. As to the enzymatic activity some discrepancy is recognized among the reports mentioned above. Therefore the nature and activity of ATPase and other enzymes should be clarified in detail by a further study.
In the present study the increase of mitochondria in number was appreciated on their structural profiles, while HARTMANN (1948) observed it by counting them according to the method of Rasmussen (HARTMANN 1948) in the stained preparation for mitochondria taken from the ventral horn after the sciatic nerve section.
It is well known that after the constriction of nerves, the enzymatic damming (FRIEDE 1959, WEISS and HISCOE 1948) and the accumulation of mitochondria (WETTSTEIN et al. 1963 ) are induced at the proximal stump. However, since the unusual axons are demonstrated also at the distal stump after the neurotomy (BLUMCKE et al. 1966 and VIAL 1958) , mitochondria are considered to be formed at the local region rather than to be moved down from the pericaryon by the axoplasmic stream (BLUMCKE et al. 1966) . HARTMANN (1954) and CAUSEY and HOFFMAN (1955) describe that mitochondria are derived from the nuclear membrane. NAPOLITANO and FAWCETT (1958) report that they are from the pre-existing mitochondria. GEREN and SCHMITT (1954) assert that they are from axonal membrane, while PANNESE (1966) observes the membranous whorls in close relation to mitochondria in the neuroblast of chick embryo. In the present study, however, no morphological evidence was obtained in regard to the development of mitochondria.
On the other hand, as was indicated by WEBSTER (1962) , the dense bodies were observed showing an internal structure similar to mitochondria. Thus it may be possible that dense bodies are derived at least in part from mitochondria.
In many ultrastructural aspects, the unusual axons in brain edema demonstrated here exhibit the similarity to those observed in the Wallerian degeneration reported in the past. Since, in the present study, such unusual process was induced not by the experimental lobotomy, corticotomy nor by other brain injuries, but by the brain compression only, it seems reasonable to consider that the mitochondrial accumulation does not imply the growing cone of axon or nerve regeneration. Judging from the observations such as the increase of glycogen-like granules or specific fine granules (OKADA 1965) and of PAS-positive granules (MIQUEL, KLATZO, MEUZEL and HAYMAKER 1963) in astrocyte, the swelling of astrocyte (OKADA 1965 and SCHRODER and WECHSLER 1965) , the accumulation of sodium and water contents increased anaerobic glycolysls (HERSCHKOWITZ and MACGILLIVRAY 1965) The appearance of the unusual axons may be attributed to the metabolic alterations of glial cells induced by the brain hypoxia or cerebral circulatory disturbance following the compression by which the nourishment of nerve cell may be disturbed.
